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Impact of Storage Containers on Chemical Degradation and Antibacterial Activity of Lemongrass (Cymbopogon citratus L.) Essential Oil

ABSTRACT
Essential oils are naturally occurring aromatic and volatile substances that are derived from plant materials. It is a complex mixture of volatile and non-volatile chemicals produced by secondary metabolism in aromatic plants. It is utilized as a flavor, fragrance as well as cosmetic and pharmaceutical industries due to their antimicrobial, anti-inflammatory, antioxidant, and analgesic properties. Keeping this in mind, we chose lemongrass plant for our study, we have extracted essential oil by steam distillation method and chose different container for storage i.e. metal (Aluminum), Glass (Transparent) and plastic (High-density polyethylene) and stored up to one year for further studies. After GC-MS analysis, thirty-nine chemical components were observed, among all, citral was the major component. It was 66.51% in freshly distilled while 30.35%, 24.99%, 11.82% in one-year stored lemongrass essential oil in metal, glass and plastic containers respectively. For antibacterial studies we have taken freshly distilled and one-year old lemongrass oil in metal container, Kirby Bauer Disk Diffusion method was employed on four different bacterial strain, among them three were gram-negative (Enterococcus faecalis ATCC29212, E. coli ATCC25922, and Klebsiella 4151) and one was gram-positive (Staphylococcus 1564). 
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INTRODUCTION
Essential oils are extracted from plant materials and are highly beneficial. They are a chemical mixture of oxygenated derivatives of hydrocarbons [1]. The principal ingredients of essential oils are monoterpenes and sesquiterpenes having strong fragrance, volatile, often coloured liquids, with their derivatives, such as alcohols, ketones, esters and aldehydes, etc. [2]. They are extracted from various parts of aromatic plants, including flowers, leaves, and stems, roots, bark, and seeds, using
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[image: ]techniques for their extraction such as steam and water distillation, as well as cold pressing method. These oils contain potent, naturally occurring biologically active components, derived from a wide range of edible and medicinal plants, herbs, and spices [3]. The chemical composition of essential oils (EOs) and medicinal plant extracts can vary due to factors such as the type of plant material, its origin, stage of development, and environmental conditions [4]. Recently, the growing demand for essential oils and healthier products has posed significant challenges for the food industry, particularly in extending the shelf life of fresh and minimally processed foods. Various technologies have been explored and applied to achieve this goal; however, some of these methods alter the characteristics and quality of food. Edible films and coatings represent novel technologies that have been developed, offering the advantage of preserving food without significantly affecting its organoleptic properties [5]. Another key factor for enhancing food safety and extending shelf life is the use of essential oils (EOs) as antimicrobial agents in food systems [4]. These molecules are thought to have antibacterial effects because of their ability to interact with bacterial cell membranes [6]. The composition of essential oils plays a critical role in determining their antioxidant and antibacterial properties. In this study, three cultivars of (lemongrass) were evaluated. Gas chromatography–mass spectrometry (GC-MS) analysis identified citral as the major bioactive compound, largely responsible for the biological effects observed. In a complementary investigation, three lemongrass extracts were assessed for resistance-modulatory and inhibitory activities against pathogenic bacteria. Remarkably, citral significantly enhanced the efficacy of five commonly used antibiotics at sub-inhibitory concentrations, with a particularly strong synergistic effect against methicillin-resistant Staphylococcus aureus (MRSA), a major multidrug-resistant pathogen.

These findings confirm that the chemical profile of lemongrass essential oil—particularly citral content—directly influences its antioxidant and antimicrobial efficacy. Moreover, citral shows potential as an antibiotic potentiator, suggesting a novel approach to address the growing problem of antibiotic resistance [7, 8].
Lemongrass oil (LGO) autoxidizes when stored and when oxidizing agents are used. Additionally, it was shown that the oxidized oil showed decreased antibacterial activity against bacteria and that adding antioxidants to the oil could increase the oil's antibacterial activity [9]. Additional research has demonstrated that terpenic substances like limonene and linalool when oxidized produce

[image: ][image: ]stable hydroperoxides. The production of hydroperoxides is due to the autoxidation of chemicals during handling and storage [10]. Lemongrass oil which belongs to family poaceae is also known as lemon herb, lemon tea and few other names. Many different compounds contribute to the unique fragrance of the essential oil extracted from Cymbopogon citratus (C. citratus) leaves. The most prevalent compound is citral (α-citral and β-citral), which ranges from 65% to 73% as reported. Linalool, β-myrcene, geraniol, and geranyl acetate are other chemical components present in less concentrations than citral [11, 12]. But according to these writers, the major constituents of C. citratus essential oil are citral, myrcene, and linalool. Citral, myrcene, and linalool compose 91% of the total constituents in this essential oil [13]. The loss of aromatic quality and biological function of essential oils during storage and transportation due to oxidation caused by environmental factors such as storage temperature and light irradiation is a frequent issue that has been observed [14]. For its ethnobotanical and therapeutic properties, the lemongrass plant is highly recognized [15]. The oil and its extracts have been stated for their insecticidal [16], antibiotic [17], and medicinal effects [18]. Preparations of the oil with traditional therapeutic properties have been applied externally to treat wounds, bruises, and skin eruptions [19] as well as orally to relieve the symptoms of fever and colds [20]. Generally, plant essential oils have been identified as a significant organic source of insecticides, larvicides, and repellents [21-23]. The repellents are intended to be applied topically or to be explosive products that can shield the environment or its users from hazardous insects like mosquitoes that can spread disease through their bites [24]. Lemongrass essential oils (LEO), widely available and recognized for their non-toxic and human-safe properties, also possess a pleasant fragrance. Additionally, these oils have shown promising potential for use in integrated pest management (IPM) programs in several non-EU countries, contributing to the development of alternatives to conventional synthetic chemical pesticides [25,26]. However, the therapeutic application of essential oils is limited owing to their high volatility, low water solubility, oxidation sensitivity, and instability from light-induced effects, moisture, and temperature [27]. A popular method to improve the stability as well as properties of bioactive compounds of essential oils to encapsulate them. A homogenous emulsion is formed and oil droplets are encapsulated when essential oils are added to the polymer matrix together with certain emulsifiers. Frequently providing as a protective layer, the polymer isolates the active agent- containing inner core and minimizes the effects of improper exposure [28]. It is identified that

[image: ]lemongrass oil and other EOs without phenolic components can disrupt the cell membranes because of their lipophilic constituents [29]. Applying lemongrass oil in gaseous form not only damages the membrane structure through monoterpene diffusion, but it also makes the cell membranes more soluble [30,31].
The aim of this study was to identify the effects on the chemical composition of lemongrass essential oils, extracted freshly and one year stored in different containers particularly in plastic (High-density polyethylene), metal (Aluminum) and glass (Transparent). This study will help the chemists and others to select the container which is best for the proper storage to maintain the quality for long duration of lemongrass essential oil.
MATERIALS AND METHODS
Collection of Plant material
The fresh leaves of lemongrass plant (Cymbopogon citratus L.) were collected from Kannauj (Uttar Pradesh India), early in the morning at 5.00am to 6.00am in May 2023. It was properly washed out with water to remove impurities and dust from the plant materials. Plant species was detected and verified at NBRI (National Botanical Research Institute) Lucknow U.P. (India) and stored in the laboratory of chemistry at the temperature 22℃ to 23℃.
Extraction of essential oil
The fresh leaves of lemongrass plant were put into the round bottom flask and fixed it to essential oil determination apparatus as a result essential oil was extracted by steam hydro-distillation using Clevenger apparatus for three to four hours. The extracted oil was separated from water solvent and the moisture was removed from essential lemongrass oil using anhydrous sodium sulfate and kept fresh sample in refrigerator and other sample stored in metal, glass and plastic containers at room temperature for analysis.
Essential oil Yield (%) =weight of oil collected(gm) × 100
Weight of sample (gm)
Method
Freshly extracted and de-moisturized lemongrass oil samples were stored on a table at room temperature (27±3 °C) in three different containers of equal volume (100 ml): a metal bottle, a glass bottle, and a plastic bottle. The lemongrass oil was evenly distributed into these containers (100 ml each), filled up to the neck, and sealed tightly with inner and outer caps for twelve months. The physicochemical properties of the lemongrass oil were studied after the storage period." The

optical rotation (Perkin Elemer digital polarimeter model 243-B), refractive index (Butyro Refractrometer, Cat. No 3454 of ATAGO Japan) specific gravity, solubility in ethanol and chemical analysis i.e. acid value, ester value and ester after acetylation were determined as per Bureau of Indian Standards (BIS) has established specifications for essential oils [32-39]. All experiments were performed in triplicate, and the mean values were used for data analysis. To calibrate the results, the physicochemical properties of lemongrass oil were analyzed both before and after twelve months of storage, as detailed in the table 1:

[image: ][image: ]Table1: Analyzed results of the effects of storage conditions on physicochemical properties for lemongrass oil
	Physiochemical Properties
	Freshly distilled oil
	Containers used to store lemongrass oil for
twelve months

	
	
	Metal
	Glass
	Plastic

	Color
	Dark yellow,
	Dark yellow,
	yellow,
	Pale yellow,

	Odor
	lemon-like
	lemon-like
	lemon-like
	lemon-like

	Optical rotation
	-2.75°±2
	-2.71°±3
	-2.85°±3
	-2.95°±3

	Refractive index
	1.4785±2
	1.4790±3
	1.4790±3
	1.4795±3

	Specific gravity
	0.8902±2
	0.8910±3
	0.8925±3
	0.8935±3

	Solubility (70% EtOH)
	2 vol.
	2 vol.
	2 vol.
	2 vol.

	Acid value % by mass
	2.70%±2
	3.65%±3
	4.20%±3
	4.80%±3

	Ester value
	32.65±2
	29.95±3
	28.55±3
	28.00±3

	Ester value after
acetylation
	252.32±2
	252.20±3
	252.20±3
	252.20±3


GC-MS analysis of essential oil
The composition of lemongrass essential oil was analyzed using Gas Chromatography-Mass Spectrometry (GC-MS) using a gas chromatograph (Agilent 7890) connected with a mass spectrometer (Accu TOF GCv, Jeol) and an HP-5MS capillary column (30m length, 0.25μm film thickness, 0.25mm internal diameter). Helium was employed as the carrier gas, with a flow rate of 1.0mL/min, and n-hexane as the solvent. The injecting volume of sample was 0.2microlitre. The GC-MS interface temperature was 250ºC.The temperature of the oven was initially set to 60 ºC,

[image: ][image: ]then raised to 200ºC at a rate of 6ºC per minute, 200ºC to 275ºC at a rate of 8 ºC per minute, and lastly 275 ºC to 280 ºC at a rate of 5 ºC per minute. With a mass scan range of 35 to 800 atomic mass units, ionization took place at 70 electron volts and the ionisation mode was EI+.
The result was verified through comparing it to retention indices on the exact same column. Using a homologous sequence of n-alkanes (C8-C20, Sigma-Aldrich), each unique chemical was identified based on retention duration and retention index by comparing its mass spectra to the NIST Mass Spectral Library, co-injection with genuine samples, and literature [40]. Compound percentages in the oil were computed by dividing the proportion of each compounds peak area by the overall peak area calculated according to the gas chromatogram and mass spectrometry findings.
RESULTS AND DISCUSSION
Table 1, shows the metal bottle have very slight variation in the optical rotation value i.e. -2.75° to -2.71° while in plastic bottle and glass bottle the optical rotation value increased for the oil of glass bottle and plastic bottle are -2.75° to -2.85° and -2.75° to -2.95° respectively. The refractive index values were observed significant variation in the oil of plastic bottle 1.4785 to 1.4795 and the similar values were obtained in metal and glass bottles i.e. 1.4790. These variations were observed due to lemongrass oil contains terpenes and carbonyls i.e. citral, which have tendency for oxidation when exposed to air, light, or temperature. Oxidation can lead to the formation of peroxides and other oxygenated compounds, altering the oil's optical rotation due to loss of chirality and refractive index values due to losses of lighter molecules. Specific Gravity and solubility have not significant variations in theses stored lemon grass oil.
The acid value quantifies the free acids present in the oil. The formation of acidic compounds may also be promoted by oxidation reactions that occur during storage. The ester value indicates the amount of ester compounds in the essential oil. The primary constituent of lemongrass oil, citral, can undergo oxidative degradation, which may lower the ester value. In older oils, citral oxidation and degradation may also reduce the number of hydroxyl groups available for acetylation, resulting in lower ester values after acetylation compared with fresh oil. The volatile chemical components of lemongrass essential oil extracted freshly and stored for one year in metal, glass and plastic containers were analyzed by gas chromatography-mass spectrometry (GC-MS). The major chemical components of lemongrass oil which are obtained from GC-MS analysis are shown in table-2. Table shows that the variation in peak area percentage
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of freshly distilled and one year stored chemical compositions of lemongrass essential oil in different containers such as metal, plastic and glass. The freshly distilled lemongrass contained higher percentage of citral (66.51%), geraniol (38.01%), (Z, E) farnesol (33.40%), citronellol (28.51%) but after one-year storage, the percentage of citral is decreased by 30.35% in metal, 24.99% in glass and 11.82% in plastic containers respectively while geraniol, (Z, E) farnesol, nerol and citronellol are disappeared from the LGO. Some other chemical components which were also observed in freshly distilled GC-MS analysis but later disappeared in one year stored oil, i.e. cis- geraniol 19.54%, geranyl butyrate 10.04%, geranyl formate 9.50%, myrcene 9.50%, linalyl
formate 2.11%, valencene 1.66%, terpinolene 1.59%, β-pinene 1.59%, isovaleraldehydes 0.88%,
sabinene 0.59%, ocimene 0.59%, P-cymene 0.32%, eugenol 0.28%, isoeugenol 0.28%, linalyl butyrate 0.21%.The chemical components γ-terpinene, linalool, γ- muurolene, aromandedrene, carryopyllene oxide, coapene, trans-geranyl geraniol, globulol, geranyl citronellate, isolongifolol, thunbergol, trans- isoeugenol which are not observed in freshly distilled GC-MS analysis but later observed after one-year storage. Camphene, α-pinene, δ-3-carene and β-caryophyllene are increased in one-year stored oil in compare to freshly distilled oil. The earlier reports of deterioration in the quality of lemongrass oil during storage in metal, glass and plastic containers are supported by our results [41].

Physicochemical Properties
Table 1 shows that the optical rotation of lemongrass oil stored in metal bottles exhibited only minor variation, ranging from −2.75° to −2.71°. In contrast, oils stored in glass and plastic bottles showed an increase in optical rotation, varying from −2.75° to −2.85° and −2.75° to −2.95°, respectively. The refractive index demonstrated noticeable variation in oil stored in plastic bottles (1.4785–1.4795), whereas nearly constant values (1.4790) were observed for oils stored in metal and glass containers. Specific gravity and solubility did not show significant changes during storage. The acid value increased during storage, indicating the formation of free acids in the oil. The ester value decreased compared with fresh oil, suggesting degradation of esterified components over time.
GC–MS Analysis
GC–MS analysis revealed marked differences between freshly distilled oil and oil stored for one year in metal, glass, and plastic containers (Table 2). Fresh lemongrass oil contained higher proportions of citral (66.51%), geraniol (38.01%), (Z,E)-farnesol (33.40%), and citronellol (28.51%). After one year of storage, citral content decreased by 30.35% in metal, 24.99% in glass, and 11.82% in plastic containers. Geraniol, (Z,E)-farnesol, nerol, and citronellol were not detected after storage.
Several compounds present in fresh oil disappeared during storage, including cis-geraniol, geranyl butyrate, geranyl formate, myrcene, linalyl formate, valencene, terpinolene, β-pinene, isovaleraldehydes, sabinene, ocimene, p-cymene, eugenol, isoeugenol, and linalyl butyrate. Conversely, new components such as γ-terpinene, linalool, γ-muurolene, aromadendrene, caryophyllene oxide, copaene, trans-geranyl geraniol, globulol, geranyl citronellate, isolongifolol, thunbergol, and trans-isoeugenol appeared after one-year storage. Camphene, α-pinene, δ-3-carene, and β-caryophyllene increased in stored oils compared with freshly distilled oil.
Antibacterial Activity
Antibacterial activity was evaluated using the Kirby–Bauer disk diffusion method against four bacterial strains: Enterococcus faecalis ATCC 29212, E. coli ATCC 25922, Klebsiella 4151, and Staphylococcus 1564. All bacterial strains were sensitive to both freshly distilled and stored oils. Zones of inhibition varied among organisms, with the maximum inhibition observed for Enterococcus faecalis (10 ± 0.5 mm to 15 ± 0.5 mm at 125 µg/mL), followed by E. coli and Klebsiella (up to 14 ± 0.5 mm).
Minimum inhibitory concentration (MIC) values ranged from 0.21 to 0.83 µg/mL. Fresh oil showed MIC values of 0.41 µg/mL for Enterococcus faecalis and 0.83 µg/mL for E. coli, Klebsiella, and Staphylococcus. The one-year stored oil in metal containers maintained MIC values as low as 0.21 µg/mL for several strains. In most cases, stored oil exhibited comparable or enhanced antibacterial activity relative to freshly distilled oil.
Essential oils exert antimicrobial activity mainly by disrupting the integrity of microbial cell membranes and interfering with vital cellular metabolic processes. Their hydrophobic constituents interact with phospholipid bilayers, causing increased membrane permeability, leakage of cellular components, and inhibition of enzymatic functions, which ultimately leads to microbial cell death [42]. The antibacterial action of essential oils against pathogenic microorganisms has been extensively documented and is largely attributed to the presence of terpenoid and phenolic constituents. These bioactive compounds interact with bacterial cell structures and metabolic pathways, resulting in growth inhibition and reduced pathogenicity across a wide range of microbial species [43]. Several studies have demonstrated that the biological effects of essential oils include membrane permeabilization, induction of oxidative stress, and inhibition of key enzymatic systems. Such multifaceted mechanisms contribute to their antimicrobial efficacy and explain their activity against diverse bacterial strains [44].

Table 2: Chemical composition of freshly distilled and twelvemonths stored lemongrass essential oil (Cymbopogon citratus L.) in metal, glass and plastic containers.
	S.N.
	Components
	Peak area percentage

	
	
	Freshly distilled oil
	12 months stored oil in different containers

	
	
	
	Metal
	Glass
	Plastic

	1.
	Sabinene
	0.59
	-
	-
	-

	2.
	Ocimene
	0.59
	-
	-
	-

	3.
	Linalyl formate
	2.11
	-
	-
	-

	4.
	Camphene
	1.59
	9.45
	10.05
	10.35

	5.
	Terpinolene
	1.59
	-
	-
	-

	6.
	α-Pinene
	0.36
	0.45
	0.43
	0.63

	7.
	β-pinene
	1.59
	-
	-
	-

	8.
	Limonene
	0.35
	-
	-
	-

	9.
	δ-3-Carene
	1.53
	7.14
	10.97
	8.39

	10
	Linalyl butyrate
	0.21
	-
	-
	-

	11
	Isovaleraldehydes
	0.88
	-
	-
	-

	12
	(Z, E) Farnesol
	33.40
	-
	-
	-

	13
	(E, E) Farnesol
	3.44
	1.94
	0.67
	0.99




	14
	Citronellol
	28.51
	-
	-
	-

	15
	Citral
	66.51
	30.35
	24.99
	11.82

	16
	Nerol
	19.54
	-
	-
	-

	17
	Cis-geraniol
	19.54
	-
	-
	-

	18
	Geraniol
	38.01
	-
	-
	-

	19
	Geranyl formate
	9.50
	-
	-
	-

	20
	Geranyl acetate
	10.04
	1.04
	1.27
	1.28

	21
	Geranyl butyrate
	10.04
	-
	-
	-

	22
	β-Caryophyllene
	2.45
	4.30
	4.75
	4.32

	23
	Eugenol
	0.28
	-
	-
	1.95

	24
	Isoeugenol
	0.28
	-
	-
	-

	25
	Valencene
	1.62
	-
	-
	-

	26
	Myrcene
	9.50
	-
	-
	-

	27
	P-Cymene
	0.32
	-
	-
	-

	28
	γ-Terpinene
	-
	2.63
	0.56
	1.05

	29
	Linalool
	-
	-
	4.99
	1.11

	30
	γ- Muurolene
	-
	5.93
	6.84
	4.13

	31
	Aromandedrene
	-
	0.41
	_
	0.47

	32
	Carryopyllene oxide
	-
	4.00
	2.09
	1.39

	33
	Coapene
	-
	0.37
	0.33
	0.33

	34
	Trans-geranyl geraniol
	-
	2.63
	2.36
	2.97

	35
	Globulol
	-
	_
	0.11
	0.03

	36
	Geranyl citronellate
	-
	1.04
	_
	_

	37
	Isolongifolol
	-
	0.09
	0.06
	0.05

	38
	Thunbergol
	-
	0.27
	0.05
	0.15

	39
	Trans- isoeugenol
	_-
	1.95
	0.52
	_



The observed variations in optical rotation and refractive index suggest chemical transformations occurring during storage. Lemongrass oil contains terpenes and carbonyl compounds such as citral that are prone to oxidation when exposed to air, light, or temperature fluctuations. Oxidative reactions may lead to the formation of peroxides and other oxygenated derivatives, altering optical rotation through changes in molecular chirality and slightly modifying refractive index due to the loss of lighter volatile molecules.
The increase in acid value during storage indicates the formation of acidic degradation products, likely arising from oxidative processes. Conversely, the decrease in ester value reflects the degradation of esterified constituents and oxidative breakdown of citral. Citral oxidation may reduce the number of hydroxyl groups available for acetylation, resulting in lower ester values in aged oil compared with fresh samples.
GC–MS results further confirm compositional changes during storage. The reduction in citral and disappearance of several oxygenated monoterpenes and esters suggest oxidative degradation and volatilization. The appearance of new compounds such as caryophyllene oxide and linalool indicates secondary oxidation and rearrangement reactions. These findings are consistent with earlier reports describing deterioration in lemongrass oil quality during prolonged storage in different containers.
The antibacterial results demonstrate that both freshly distilled oil and oil stored in metal containers retain significant antimicrobial activity against gram-positive and gram-negative bacteria. Interestingly, stored oil showed enhanced activity against certain strains such as Klebsiella 4151, possibly due to the formation of new oxygenated compounds during storage. The variability in bacterial susceptibility suggests that antimicrobial effectiveness depends more on the chemical profile of the oil than on gram-staining characteristics. Overall, the results indicate that lemongrass oil maintains strong bactericidal properties even after extended storage, particularly when preserved in metal containers.
Standardized broth dilution methods were followed for antimicrobial susceptibility testing according to CLSI guidelines [45]. Disk diffusion assays were performed based on internationally accepted CLSI performance standards to ensure methodological reliability [46]. In vitro antimicrobial evaluation procedures were conducted using validated and widely reported methodologies described in previous studies [47].































Table 3: Antibacterial activity of freshly distilled lemongrass oil (LF) and stored lemongrass oil in a metal container (LM) for twelve months.
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. N
Bacteria
Negative Control
(DMSO)
Stock 1ml/ml
500
conc.
250
conc.
125
conc.
62.5
conc.
31.5
conc.




1.



Enterococc us faecalis (ATCC
27853)
LF
0.0mm
10mm
±0.5
12mm
±0.5
9mm
±0.5
6mm
±0.5
6mm
±0.5
0.0mm
±0.5


MIC
+
-
-
-
-
-
+


LM
0.0mm
15mm
±0.5
13mm
±0.5
10mm
±0.5
10mm
±0.5
0.0mm
±0.5
0.0mm
±0.5


MIC
+
-
-
-
-
+
+


2.


E. coli (ATCC 25922)
LF
0.0mm
13mm
±0.5
13mm
±0.5
7mm
±0.5
5.4mm
±0.5
0.0mm
±0.5
0.0mm
±0.5


MIC
+
-
-
-
-
+
+


LM
0.0mm
14mm
±0.5
10mm
±0.5
9mm
±0.5
9mm
±0.5
7mm
±0.5
7mm
±0.5


MIC
+
-
-
-
-
-
-


3.


Klebsiella
(4151)
LF
0.0mm
13mm
±0.5
10mm
±0.5
9mm
±0.5
9mm
±0.5
0.0mm
±0.5
0.0mm
±0.5


MIC
+
-
-
-
-
+
+


LM
0.0mm
14mm
±0.5
13mm
±0.5
12mm
±0.5
12mm
±0.3
10mm
±0.5
10mm
±0.5


MIC
+
-
-
-
-
-
-


16

15



	

4.
	

Staphylococ cus (1564)
	LF
	0.0mm
	14mm
±0.5
	10mm
±0.5
	9mm
±0.5
	8mm
±0.5
	0.0mm
±0.5
	0.0mm
±0.5

	
	
	MIC
	+
	-
	-
	-
	-
	+
	+

	
	
	LM
	0.0mm
	10mm
±0.5
	9mm
±0.5
	8mm
±0.5
	8mm
±0.5
	7mm
±0.5
	7mm
±0.5

	
	
	MIC
	+
	-
	-
	-
	-
	-
	-




CONCLUSION
The present work results revealed that the lemon grass oil stored for the long time (twelve months), free alcohol content increases and ester content decreases. This study demonstrated extensive chemical compositional changes were observed in freshly distilled and after twelve months storage conditions in metal, glass and plastic containers. Many new chemical components were observed on storage after one-year old stored oil at same time the main components like citral, geraniol, nerol, (Z, E) farnesol, citronellol were decreased. The results of this study conclude for the storing essential oils in metal bottle to avoiding the unwanted significant changes in the chemical compositional and physicochemical chrematistics.
Antibacterial activities of one-year stored oil in metal container maintained the higher level of Minimum Inhibitory Concentration (MIC) and showed maximum sensitivity due to gram negative bacteria.
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